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Case presentation
A 56-year-old man was admitted to Hhpital Tenon because of
acute renal failure. One year prior to admission, an aortofemoral
bypass graft was inserted for diffuse arteriosclerosis complicated
by thrombosis of the left external iliac artery. Claudication,
which had been present for 5 years, improved notably postopera-
tively. Two weeks before admission, the patient developed
intense pain in the left thigh, and 2 days later he was hospitalized
elsewhere with high fever (temperature, 400 C).
Physical examination at that time disclosed inflammation in
the thigh, and blood cultures contained Staphylococcus aureus;
infection of the graft site was diagnosed. Blood urea nitrogen was
12 mg/dl. The white blood cell count was 12,300/mm3. No
proteinuria was present. The patient was treated with 4 g/day of
cefalothin and 2 mg/kg/day of gentamicin. The infected bypass
graft was removed, the wound was drained, and the graft was
replaced with an ileopopliteal bypass graft. Staphylococcus
aureus was cultured from the surgical specimen. In the following
days, fever persisted and two blood cultures again contained S.
aureus. The patient was treated with 3 g/day of pristinamycin
and 2 mg/kg body weight of gentamicin. On the third postoper-
ative day, the fever decreased but the patient became oliguric.
On the fourth day, the WBC count was 16,700/mm3; hemoglobin,
11.9 g; BUN, 70 mg/dl; and serum creatinine, 3.8 mg/dl. Gross
hematuria was noted. On the sixth hospital day, the patient was
referred to Hôpital Tenon because of anuria and acute pulmo-
nary edema.
On admission he was afebrile. He had obvious pulmonary
edema as well as diffuse peripheral edema. His weight had
increased approximately 10 kg in the previous week. The blood
pressure was 180/120 mm Hg. The surgical wound appeared
clean. Immediate hemodialysis resulted in a weight loss of 3 kg
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and considerable respiratory improvement. Hemodialysis was
repeated daily until his body weight decreased by 8 kg. Labora-
tory studies revealed normal total hemolytic complement and
normal C3 and C4. A cryoglobulin that contained IgG, tgA, and
trace amounts of 1gM was found but was not quantified. Rheu-
matoid factor was absent. A Coombs' test was negative. Antinu-
clear factors were absent. Urinalysis of the grossly bloody urine
revealed only sheets of red blood cells. Percutaneous renal
biopsy disclosed a severe membranoproliferative glomerulone-
phritis, with massive mesangial proliferation and numerous
polymorphonuclear leukocytes. The glomerular capillary walls
showed 'double contours." Of 30 glomeruli, only one showed
an epithelial crescent; no fibrinoid necrosis was evident. The
slight edematous interstitial tissue contained several cellular
infiltrates with polymorphonuclear leukocytes. The tubules were
normal in appearance. immunofluorescent examination showed
a diffuse granular staining with anti-C3 serum, and no staining
with anti-lgG, IgA, 1gM, or fibrinogen.
The patient improved steadily and remained afebrile. After 2
weeks of severe oliguria, urine volume increased, renal function
rapidly improved, and hemodialysis was discontinued. One
month after admission, the laboratory findings were: BUN, 25
mg/dl; serum creatinine, 2.7 mg/dl; hemoglobin, 9 g/dl; WBC
count, 8500/mm3. Urinary protein excretion was 0.5 g/24 hours.
Two months after admission, blood pressure was 180/90 mm
Hg, and neither edema nor evidence of infection was present.
The BUN was 20 mg/dl, and the serum creatinine was 1.8 mg/dl.
No cryoglobulin was detected. Urinary protein excretion was
0.15 g/24 hours. One year later, the patient was in excellent
health except for hypertension that was controlled by proprano-
lol and hydralazine. The BUN was 15 mg/dl, and the serum
creatinine was 1.1 mg/dl. Total hemolytic complement was
normal, and again no cryoglobulin was found. Urinary protein
excretion was normal, as was the urinary sediment. A second
renal biopsy contained 38 glomeruli. Slight, segmental mesangial
proliferation was found in 2 glomeruli but the others were
virtually normal. Interstitial tissue was severely fibrotic in some
areas and tubular destruction was evident. In other areas, the
interstitial tissue as well as tubules were normal. Moderate
endarteritis was present. Immunofluorescent studies were nega-
tive. Two years later, the patient's renal function remained
normal (serum creatinine 0.8 mg/dl) and his hypertension was
under control.
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Discussion
DR. MICHEL BEAUFILS (Chef de Clinique-As-
sistant, Service de Nephrologie, Hôpital Tenon,
Paris, France): In summary, the patient presented
today developed oliguric renal failure shortly after
being hospitalized elsewhere for staphylococcal
sepsis that resulted from an infected vascular by-
pass. The renal failure, caused by biopsy-proven
glomerulitis, remitted when the infection was
brought under control. The patient's renal function
returned entirely to normal and a repeat renal
biopsy demonstrated remarkable healing.
Two causes of acute renal failure in this patient
are possible: glomerular nephropathy and acute
tubular necrosis. The clinical findings—gradual de-
velopment of oliguria, macroscopic hematuria at
the onset, hypertension, and pulmonary edema—fa-
vored a diagnosis of glomerular nephropathy over
tubular necrosis. As noted earlier, urinalysis was
not performed before the patient became severely
oliguric, and a reliable urinalysis could not be
carried out after his admission to Hôpital Tenon
because he voided only 10 to 40 ml of grossly
bloody urine per day. Nonetheless, we believed
that the clinical features excluded acute tubular
necrosis and that a kidney biopsy was strongly
indicated. The biopsy revealed membranoprolifera-
tive glomerulonephritis, confirming the clinical di-
agnosis of glomerulopathy.
The association between visceral suppuration
and glomerulonephritis has been recognized for
some time in patients who have subacute infective
endocarditis [1—6]. Proteinuria and hematuria are
the principal manifestations of renal involvement,
but renal failure also can occur, particularly before
antibiotic treatment is instituted. Renal function
usually returns to normal in patients who have mild
glomerular lesions if appropriate antibiotic therapy
is given. Two types of glomerular lesions occur in
patients with endocarditis: one is a diffuse mesan-
gial proliferation, which sometimes is found in
association with epithelial crescents; the other,
formerly called "focal embolic glomerulonephri-
tis," is a slight and focal mesangial proliferation
occurring in association with mesangial and suben-
dothelial electron-dense deposits [1—6]. These latter
changes can be sufficiently marked, can occlude
some capillary luminae, and ultimately can lead to
focal glomerular hyalinization and fibrosis. Immun-
ofluorescent examination in patients with glomeru-
lar involvement discloses diffuse granular deposits
of IgG and C3 in subendothelial and mesangial
areas. Both 1gM and IgA are sometimes present.
Serial biopsies show improvement of the glomerular
lesions and sometimes reveal complete healing
when the endocarditis has been cured [3—6].
So-called "shunt nephritis" associated with
Staphylococcus a/bus septicemia is another exam-
ple of septic nephritis in which the infection arises
in a blood vessel [6—Il]. The renal lesion usually is a
diffuse proliferative glomerulonephritis with suben-
dothelial or mesangial deposits, but some instances
of focal and segmental glomerulonephritis also have
been reported. In most patients, immunofluores-
cent examination reveals 1gM and C3 deposits in
subendothelial areas. Removal of the infected mate-
rial and treatment with appropriate antibiotics often
successfully treats the renal involvement. As in
subacute endocarditis, serial biopsies show im-
provement and sometimes disappearance of the
glomerular lesions as well as the immunoglobulin
deposits. Associated immunologic disturbances oc-
cur frequently in both subacute endocarditis and
"shunt nephritis." These include hypocomplemen-
temia, circulating immune complexes, presence of
rheumatoid factor, and cryoglobulinemia. All of
these findings disappear when the infection is cured
[2, 6, 12, 131.
Glomerular disease also complicates acute bacte-
rial endocarditis usually caused by S. aureus [14,
151. Renal involvement occurs less frequently in
acute endocarditis than in subacute endocarditis. In
acute endocarditis, the glomerular lesion is acute
mesangial proliferation that closely resembles the
renal lesion of acute poststreptococcal glomerulo-
nephritis. The prognosis of the glomerulitis associ-
ated with acute endocarditis is difficult to assess,
because many patients die from the infection [16].
Several years ago we described a syndrome of
glomerulopathy in association with visceral suppu-
ration [16, 17]. Of the 30 patients we reported, 5 had
subacute bacterial endocarditis, 13 had acute bacte-
rial endocarditis, and 12 has no signs of endocardi-
tis. In some patients in the last group, autopsy
confirmed that the heart was not affected. Of the 12
patients without endocarditis, 9 had negative blood
cultures on repeated testing; either no dissemina-
tion had occurred, or bacteremia, if present, was
only a transient phenomenon. In this group of 12
patients, a wide spectrum of organisms caused the
suppuration: Gram-positive, Gram-negative, and
anaerobic bacteria were responsible for infections
such as subphrenic abscess, peritonitis, osteomyeli-
tis, and septic abortion. One-half of the patients had
respiratory infections, mainly lung abscesses. Renal
involvement was manifested by acute renal failure
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in 11 of the 12 patients (6 were either oliguric or
anuric), and 9 patients required dialysis [171. Four
patients with acute renal failure had gross hematu-
na at the onset of renal involvement; the others all
had microscopic hematuria, and red cell casts were
found in the urine. Protein excretion, assessed only
in nonoliguric patients, exceeded 2 grams per day in
all. Twenty-three patients in the series had daily
protein excretions greater than 2 grams and 6 had
nephrotic syndrome. Nine patients were hyperten-
sive.
Several other cases of infection-associated gb-
merulonephritis have been described since our re-
port was published. Forrest reported 3 patients with
Kiebsiella pneumoniae infections who had impaired
renal function [181. Two of the patients had hematu-
na and proteinuria; urinalysis in the third patient
was normal. Autopsy revealed glomerular lesions
characterized by segmental proliferation; one of the
patients also had a thickened glomerular basement
membrane. A granular deposition of IgG, IgA, and
C3 was found on immunofluorescent microscopy.
Another patient described by Zappacosta et al was
similar to those we reported: The patient had acute
renal failure with hematuria and proteinuria compli-
cating E. coli septicemia, and the renal lesion was a
diffuse proliferative gbomerulonephritis [19]. In ad-
dition, Kachny et al reported proliferative glomeru-
lonephritis complicating pneumococcal infections
[201. A number of papers also have reported "im-
mune complex disease" in patients with endocardi-
tis caused by fastidious microorganisms. Gerraci et
al reported 4 patients with Cardiobacterium ho-
minis septicemia and endocarditis; 3 had renal
failure; 2 of these had hematuria and histologic
findings of proliferative and necrotizing glomerulo-
nephritis [211. Comparable findings were reported
by Wauters et al in Hemophilus aphrophilus endo-
carditis [22]. Finally, Beeler et al reported gross
hematuria, heavy proteinuria, and renal failure in a
patient who had a Spitz-Holter valve infected with
Propionibacterium acnes. Typically, symptoms and
renal involvement remitted when the shunt was
removed [23]. Thus, our own series and the experi-
ence of others suggest that infection with a large
variety of organisms can be responsible for gb-
merulonephritis; that glomerulonephritis occurs
most frequently as a complication of endocarditis
but can occur without cardiac involvement; and
that the prognosis of infection-associated glomeru-
lonephritis is closely tied to the curability of the
infection. That the disease is manifested as either
acute or subacute renal failure is not particularly
surprising, because classic glomerulonephritis pre-
sents in a similar fashion [24].
Why are such patients relatively rarely reported?
First, infection-associated gbomerulonephritis oc-
curs only rarely. Second, we believe that many of
these patients are misdiagnosed, especially those
who have acute renal failure. The clinical picture
can be difficult to distinguish from that of acute
tubular necrosis, the most frequent histologic lesion
observed in patients with acute renal failure associ-
ated with sepsis. Renal biopsy usually is not per-
formed in these patients. In fact, although many
groups have studied large series of patients with
renal failure complicating infection, these research-
ers usually did not include biopsy data. It is also
possible, however, that the role of infection as a
cause of rapidly progressive gbomerulonephritis has
been underestimated; Whitworth et al found infec-
tion to be responsible in 15 of 60 patients with
extracapillary gbomerulonephritis [25].
Let me introduce a discussion of pathogenetic
mechanisms by briefly considering the immunologic
findings in infection-related nephritis. Hypocomple-
mentemia has been recognized for some time as a
frequent manifestation of the nephritis occurring
with subacute endocarditis [12, 13] and of "shunt
nephritis" [6, 8, 11]. In most instances, levels of
Clq and C4 are low; these decreased levels suggest
activation of the classical pathway, but in some
patients activation of the alternate pathway has
been well documented [261. Levels of cryogbobulins
and immune complexes are also increased. In our
series, all but one of the patients with subacute
endocarditis and one-half of the patients with acute
endocarditis had hypocomplementemia, but none of
the patients without endocarditis had low comple-
ment levels. These observations suggest that the
mechanisms leading to hypocomplementemia on
the one hand and glomerulonephritis on the other
are not closely linked (Fig. 1). By contrast, the
presence of cryoglobulins and immune complexes
did not correlate with the presence of endocarditis:
approximately one-half of the patients had in-
creased levels of these substances. This frequency
is comparable to that found in glomerubonephritis
unassociated with systemic disease [27].
Let us explore some general mechanisms by
which infection can cause glomerular damage.
Complexes of bacterial antigen and its specific
antibody might become trapped in the glomerular
capillaries and thereby establish an inflammatory
reaction. Kaufman and Mcintosh supported this
idea with their study of a patient who had "shunt
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nephritis" secondary to S. a/bus septicemia [28].
Using an antiserum prepared against the organism
isolated from their patient, they demonstrated bac-
terial antigen in the glomerular deposits in a biopsy
specimen. Strife et a! made a similar observation for
the cryoglobulins [261. Forest et al also demonstrat-
ed bacterial capsular antigen in the glomeruli of
patients with kiebsiella pneumonia and glomerulo-
nephritis. These investigators also eluted immuno-
globulins from the glomeruli and found that the
immunoglobulins contained antibodies specific to a
capsular antigen of the infecting organism [18].
Mcintosh and his colleagues suggested another
mechanism of immune complex formation. They
demonstrated that the culture products of certain
microorganisms, particularly streptococci, could
render IgG autoimmunogenic enzymatically and
thus produce autologous immune complexes 1291.
Direct glomerular toxicity of a bacterial product
also might explain glomerular injury in bacterial
infection without involving an immunologic event.
Pertshuk and colleagues have provided evidence for
such toxicity, at least in the case of S. aureus [301.
Finally, infection might simply trigger some other
pathogenetic mechanism. The observations by Rees
et al that intercurrent infection was the precipitating
event for relapses in 13 of 16 patients with Goodpas-
ture's syndrome, and that relapse was unassociated
with a rise in antiglomerular basement membrane
antibody titers, suggest such a mechanism [31].
I have referred to a number of different histologic
patterns among patients with infection-associated
glomerulonephritis, and our study provides some
insight into the patterns that can be observed.
Proliferative glomerular lesions were an invariable
finding in our patients. Some patients demonstrated
a purely mesangial pattern, some a membranopro-
liferative pattern, some a pure extracapillary cres-
centic pattern, and some others a combination of an
endo- and extracapillary pattern. Fibrinoid necrosis
was also occasionally superimposed. An interstitial
cellular infiltrate, usually containing polymorpho-
nuclear leukocytes, was a constant finding. Lesions
of tubular necrosis were not present. Although all
patients had granular C3 deposits on immuno-
fluorescent microscopy, only one-half had detect-
able immunoglobulin deposits. In the patient we are
discussing today, complement was present but
immunoglobulins were not. These histologic find-
ings are indistinguishable from those found by oth-
ers who studied the diffuse proliferative form of
glomerulonephritis of subacute endocarditis and
"shunt nephritis" [2, 61. In contrast to the wide
spectrum of lesions found in the entire group of 30
patients, the patients with acute staphylococcal
endocarditis had only pure mesangial proliferation,
the pattern typically seen in acute poststreptococcal
glomerulonephritis; observation by others confirms
this interesting finding [14, 15].
What is the explanation for the different histolog-
ic patterns found? Our hypothesis is that the dura-
tion of infection is an important factor. We ob-
served that when the infection preceded the renal
disease by less than 2 months, mesangial prolifera-
tion was always present and further that mesangial
proliferation was the only lesion present in patients
who had relatively short time intervals between
infection and renal involvement. By contrast, a
longer interval between infection and renal manifes-
tations was associated with a histologic pattern of
crescentic proliferation without mesangial prolifera-
tion (Fig. 2). This relationship might be valid for
other types of glomerular disease.
The evolution of the histologic and clinical abnor-
malities is remarkable in patients who have infec-
tion-related glomerulonephritis. In the patient we
are discussing today, the membranoproliferative
lesion healed and he concurrently experienced a
restoration of normal renal function. This pattern
was the rule in all patients whose infection was
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Fig. 1. Total complement levels in patients with infection-
associated glomerulonephrilis (dotted lines indicate the normal
range). Statistical comparison between groups (Chi-square test):
p <0.01.
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Fig. 2. Time interval between onset of infection and the first
symptoms of glomerulonephritis (E-Ex refers to endo- and
extracapillary GN; Ex refers to extracapillary GN). Statistical
comparison (Chi-square test): Mesangial + MPGN vs E-Ex +
Ex: p < 0.01.
promptly brought under control. Yet, when infec-
tion persisted, no recovery occurred regardless of
the histologic pattern. The relationship between
cure of infection and healing of the renal lesion is, of
course, one of the compelling arguments in favor of
a cause-and-effect relationship between infection
and nephritis. When a remission of the renal disease
has occurred, normal kidney function appears to be
preserved for an indefinite period. Patients who
have recovered from infection and nephritis have
been found to have normal renal function for as long
as 8 years following an episode of renal failure.
Comparable observations have been made in pa-
tients whose nephritis is associated with subacute
bacterial endocarditis and in those with "shunt
nephritis" [2, 6]. It appears that once the antigenic
stimulus is gone, the renal lesions heal completely,
that is, without the indolent, progressive scarring
that occurs with some other glomerular diseases.
This interesting finding suggests that if it were
possible to identify and eliminate the cause of
glomerulonephritis in other settings, it might be
possible to prevent future progression of renal
disease.
What value did the renal biopsy serve in this
patient and, more generally, what is the value of
performing a renal biopsy in a patient who has acute
renal failure? Acute renal failure is a nonspecific
complication arising from a variety of conditions
and illnesses including intoxication, major surgery,
hypovolemia, shock, drug administration, and sep-
sis. The most frequent anatomic lesion found in
acute renal failure in various series is acute tubular
necrosis, but vascular disease, obstruction, glomer-
ular disease, and interstitial nephritis are less fre-
quent causes [32—34J. These diseases clearly have
different signs and symptoms and a different prog-
nosis than has acute tubular necrosis, and a specific
treatment might be required. Thus, if patients are
carefully selected for biopsy, the frequency of le-
sions discovered is different. Ganeval et al, for
example, reported 93 biopsies from 12% of patients
hospitalized for acute renal failure [32]. Interstitial
nephritis was found in 13%, glomerulonephritis in
34%, and vascular lesions in 16%. At Hôpital
Tenon, 218 biopsies from 22% of patients hospital-
ized for acute renal failure were reported [33, 34].
Acute interstitial nephritis was found in 14%, gb-
merulonephritis in 24%, vascular lesions in 30%,
and tubular necrosis in 32%. Thus in the 22% of
patients selected for biopsy in this series, lesions
other than tubular necrosis accounted for more than
two-thirds of the lesions found. It is clear, and of
course not surprising, that renal biopsy permits a
more precise identification of anatomic lesions. I
will explore the therapeutic implications of this
additional information later, but first let us consider
the risk of biopsy in these patients.
Four patients in Ganeval's series developed re-
troperitoneal bleeding, and 2 of these patients re-
quired nephrectomy; this also was the case in 2
patients in Kourilsky's series; the frequency of
serious complications thus was 1% to 4% [32—34].
Three of the patients in Ganeval's series had malig-
nant hypertension, and 3 were on dialysis; either
vascular damage or heparin used during dialysis
thus might have contributed to the bleeding. It is
our view that most complications can be avoided
and that if precautions are taken, risks should be
minimal. We insist on complete control of blood
pressure and careful monitoring of hemostasis, par-
ticularly in patients undergoing hemodialysis.
These precautions might require that kidney biopsy
be postponed for hours or even days.
How, then, do we use the findings from renal
biopsy as a therapeutic guide? Certainly, in a num-
ber of patients, the clinical features and laboratory
findings fail to establish a firm diagnosis, and the
biopsy might be the only route to determining
correct diagnosis and therapy in these patients. In
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addition, there are potentially treatable diseases,
such as glomerulonephritis and interstitial nephritis,
in which we are willing to administer treatment only
if the diagnosis is established with certainty. In
some patients the discovery of acute crescentic
glomerulonephritis can lead to the use of therapeu-
tic measures such as administration of corticoster-
oid or immunosuppressive agents or the institution
of plasmaphoresis. In the septic patient who be-
comes anuric, renal failure can result from glomeru-
lonephritis or a nephrotoxic reaction to an antibiot-
ic: it is critically important to know which is the
cause. We have administered heparin in some pa-
tients whose glomerulonephritis was associated
with visceral sepsis when the biopsy disclosed
many crescents and huge deposits of fibrinogen and
fibrin. Given that the various causes of acute renal
failure have different prognoses, biopsy findings at
least provide valuable prognostic information. For
these reasons, we advocate renal biopsy in appro-
priately selected patients with acute renal failure
when all obvious causes (such as obstruction) have
been excluded, and particularly when signs or
symptoms suggest a lesion other than acute tubular
necrosis. Observations from the HOpital Tenon
series suggested that tubular necrosis was unlikely
when certain clinical manifestations were present,
including a progressive rather than abrupt onset of
anuria, hypertension, gross hematuria, pulmonary
edema, and a protracted clinical course [33]. Simi-
larly, the presence of red cell casts in the urine must
be considered as a serious argument against tubular
necrosis. These findings, in our opinion, favor the
use of a kidney biopsy. We believe that liberal use
of renal biopsies is valuable not only in classifying
patients but also in providing early and specific
treatment to a substantial number of patients.
Questions and answers
DR. GABRIEL RICHET (Professor of Nephrology,
Hôpital Tenon, Paris): First let us consider the
relationship between infection, the immunologic
findings, and glomerulonephritis. Perhaps Dr. Gi-
bert will summarize the experience of his group.
DR. CLAUDE GIBERT (Professor of Medicine,
Hôpilal Bichat, Paris): We have studied 80 pa-
tients, some with proved endocarditis and others
with mediastinitis following thoracic surgery, but
no endocarditis. In both groups there were patients
with proteinuria and renal failure, but no significant
difference was found between the two groups in the
frequency of renal complications. There was, how-
ever, a significant difference between the groups in
the presence of immune complexes, cryoglobulins,
and rheumatoid factor. Multifactorial nonparamet-
nc analysis showed that endocarditis was typically
associated with circulating immune complexes,
cryoglobulins, and rheumatoid factor. Streptococ-
cus was typically the infecting organism, and infec-
tion was prolonged in duration. On the other hand,
mediastinitis was not associated with circulating
immune complexes, and cryoglobulins and rheuma-
toid factor were absent. The staphylococcus was
typically the offending organism and infection was
short in duration. No relationship was found be-
tween renal failure and the presence or absence of
circulating immune complexes, cryoglobulins, and
rheumatoid factor. This observation does not imply
necessarily that a pathophysiologic relationship
does not exist, but merely that the determination of
certain immunologic parameters did not allow pre-
diction of the degree of renal involvement or renal
failure.
DR. PIERRE VERROUST (Maître de Recherches,
INSERM, Hôpital Tenon, Paris): I am not sur-
prised that there is no correlation between the
presence of circulating immune complexes and
renal disease. First, in many patients the deposits in
the glomeruli contain only complement and no
immunoglobulins. Thus, one cannot conclude that
the glomerulonephritis is due to the deposition of
immune complexes. Second, in many patients who
have an infectious disease, such as leprosy, the
level of circulating immune complexes is very high
even if these patients have no glomerular nephro-
pathy [351. Some immunologic diseases, such as
lupus erythematosus, even manifest very high lev-
els of immune complexes; renal disease in these
patients is not an invariable finding. Therefore, I am
not surprised by the lack of an association between
immune complexes and renal disease.
I would like to ask a question about hypocomple-
mentemia. Dr. Beaufils indicated that hypocomple-
mentemia was observed only in patients who had
endocarditis. Was there an activation of the com-
plement, that is, an increase of C3d, in the nonhy-
pocomplementemic patient? The normal range of
complement level is wide, and it is therefore possi-
ble to observe an important decrease of the comple-
ment level, even if it remains in the "normal"
range. In such cases, determination of C3d would
be interesting.
DR. BEAUFILS: This study was performed before
we routinely measured C3d in this department.
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DR. VERROUST: Does the literature contain any
data?
DR. GIBERT: In our series, we determined C3d in
30 patients, 21 with endocarditis and 9 with medias-
tinitis; 17 had significantly increased levels whether
they had endocarditis, whether they had renal fail-
ure, and whether total complement was lowered.
DR. VERROUST: Are the lower levels of comple-
ment in patients with endocarditis due to the nature
of endocarditis, or just to the duration of the
disease?
DR. GIBERT: According to a multivariate analy-
sis, complement levels appeared to be linked only
partially to duration of the illness. In the group of
patients with mediastinitis, we found low comple-
ment levels mostly when the disease was long
lasting. I suppose that in Dr. Beaufils' series, the
difference in complement level was due mostly to
the difference in duration of the disease. In the
series I just presented, there was no significant
difference in complement levels between the two
groups of patients.
DR. BEAUFILS: I am not convinced that the
duration of infection is the critical element. Some of
the patients I reported had infections that lasted for
2 years and no endocarditis, and they had no
hypocomplementemia. Conversely, some patients
had postoperative acute endocarditis on prosthetic
valves; thus we could determine when the infection
began. In these patients, infection had been present
for 2 or 3 weeks and yet they were hypocomplemen-
temic.
DR. LILIANE MOREL-MAROGER (MaItre de Re-
cherches, INSERM, Hôpital Tenon, Paris): Peters
et al showed that glomerulonephritis can occur in
patients who have complement deficiency [36]. 1
wonder whether some hypocomplementemic pa-
tients could have a mild deficiency that is revealed
because of an infection. Are these patients unable
to produce large enough quantities of complement
in response to an infectious disease?
DR. BEAUFILS: I don't know about such patients,
but normal individuals who develop infections often
have high levels of complement.
DR. OLIvIER KOURILSKY (Chef de Clinique-As-
sistant, Hôpita/ Tenon, Paris): Complement levels
vary considerably in patients with infections, espe-
cially in those with chronic infections. On the one
hand, infection stimulates complement production;
on the other hand, poor nutritional status can
depress complement production [37].
DR. GIBERT: Seromucoid levels should be a re-
flection of nonspecific protein synthesis. We stud-
ied this parameter in the patients in our series, but
there was no correlation between seromucoid and
complement levels.
DR. RICHET: Perhaps others could comment on
their experiences with this syndrome, particularly
on the types of histologic lesions found in patients
with sepsis.
DR. CHRISTIAN JACQUOT (Chef de Clinique-As-
sistant, Hôpital Broussais, Paris): In Broussais
Hospital, we studied 2 patients in whom glomerulo-
nephritis was the earliest sign of a septic disease. in
these patients, the glomerular syndrome preceded
the symptoms of infection and led to the discovery
of sepsis, which had been present for about 10 days
[38].
DR. NICOLE HINGLAIS (Chargee de Recherches,
CNRS, Hôpital Broussais, Paris): In most of our
patients, we found proliferative glomerular lesions
with complement deposits; rarely were immuno-
globulin deposits evident on immunofluorescent
study. The glomerular lesion was proliferative in all
but one patient. In this individual the findings
resembled a focal and segmental hyalinosis.
DR. DOMINIQUE DROZ (Chef de Clinique-Assis-
tarn', Hôpital Necker, Paris): At the Necker Hospi-
tal I can recall only one patient with glomerulone-
phritis and subphrenic abscess. He also had hepati-
tis and cirrhosis. On renal biopsy, we found extra-
and endocapillary glomerulonephritis, with deposits
mainly of IgA. Therefore we cannot be sure that the
glomerulonephritis was due only to infection.
DR. MOREL-MAROGER: In Tunisia, there is a
considerable frequency of proliferative glomerulo-
nephritis [39], and I wonder whether this incidence
is related largely to infection.
DR. RICHET: Do you think that such patients
might have suffered from septicemia or bacteremia?
DR. MOREL-MAROGER: Yes, but the infectious
agent is likely to be poorly pathogenetic, because
the patients do not seem to be severely infected.
DR. RICHET: Dr. Morel-Maroger, in the patients
you have studied with glomerulonephritis compli-
cating sepsis, did you find microabscesses in the
interstitial tissue? If so, did this finding have an
influence on the treatment selected?
DR. MOREL-MAROGER: I do not remember mi-
croabscesses, but many polymorphonuclear leuko-
cytes were present in the interstitial tissue. These
did influence the treatment, in that antibiotics were
systematically prescribed when these findings were
observed.
DR. BEAUFILS: I think it is important to point out
that the number of reported patients with glomeru-
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lonephritis and clearly defined suppuration that is
either an obvious visceral abscess or proved septi-
cemia is small. Therefore, we should not assume
without solid evidence that an unexplained gb-
merubonephritis is caused by an infection, and we
should not treat these patients with antibiotics
unless infection is documented.
DR. JEAN-PHILIPPE MERY (Professor of Nephrol-
ogy, Hôpital Bic hat, Paris): Have bacterial cultures
of biopsy material been obtained?
DR. BEAUFILs: Some attempts have been made
to culture biopsy specimens, but patients had al-
ready received antibiotics, especially aminoglyco-
sides. The half-life of these drugs in the renal
parenchyma is known to be extremely long and the
concentration extremely high [40]. Thus, it is not
surprising that we could not discover an infectious
agent in any of the biopsy specimens.
DR. ALAIN MEYRIER (Medcin Adjoint des Ilôpi-
taux, HOpital Tenon, Paris): Did you find vascular
lesions, and extraglomerular or intraglomerular
thrombi?
DR. BEAUFILS: We never observed intraglomeru-
lar thrombi. The only vascular lesion we found was
a nonspecific endarteritis.
DR. CLAUDE JACOBS (Professor of Nephrology,
Hôpital La Pitié, Paris): What lesions were found in
the one patient who developed chronic renal insuffi-
ciency after 3 years of apparent healing? The pa-
tient's disease seems to have evolved differently
from that of the others.
DR. MOREL-MAROGER: Serial biopsies in this
patient revealed endo- and extracapillary prolifera-
tion with gbomerular and interstitial fibrosis. Chron-
ic renal insufficiency probably developed because
the patient was treated too late.
DR. JEROME P. KASSIRER: I should like to inquire
about your practice of performing kidney biopsies
in patients who have acute renal failure. Now that
you have an extensive collection of kidney biopsies
in patients with acute renal failure, you should be
able to correlate the clinical and laboratory findings
in these patients with the histologic findings and
derive refined criteria for identifying the cause of
the acute renal failure without resorting to biopsy. I
presume if you did this study, you would be able to
predict a histologic diagnosis with a rather high
level of certainty. Here is the tradeoff: When biop-
sies are used to diagnose acute renal failure, the
physician becomes certain of the histologic diagno-
sis but the patient is subject to the risk, discomfort,
and expense of kidney biopsy; when diagnoses are
made clinically, the physician's confidence in the
diagnosis is not perfect but the patient avoids the
risks and costs of biopsy. Is it clear that, on
balance, the biopsied patients fare better? In the
patients such as the one we discussed today, for
example, infection is usually quite evident and will
therefore be treated early. Even in those patients
who have no obvious infection, a suspected clinical
diagnosis of gbomerulonephritis would lead to a
search for infection and to treatment for that infec-
tion, if found. I suspect that some groups perform
fewer kidney biopsies on patients who have acute
renal failure than you do. Can you tell me your
thoughts on this difference in practice?
DR. MOREL-MAROGER: Let me pose the following
example: in a patient with acute renal failure and
hematuria, how would you distinguish acute inter-
stitial nephritis due to methicillin from glomerulo-
nephritis? Is there a means other than biopsy?
DR. KASSIRER: I would not feel compelled to
know the histology; I would stop administering
methicillin and use another antibiotic.
DR. RIcHET: It is impossible to remain blind in
such situations.
DR. BEAUFILS: In our series, and at Hôpital
Necker, the prediction of histologic findings from
clinical signs is good but not perfect [32—341. Also, it
seems inconceivable to me that acute tubular necro-
sis and crescentic gbomerubonephritis should be
treated in the same way. Even if you know that the
patient has gbomerulonephritis, the treatment will
differ for mesangial or crescentic glomerulonephri-
tis.
DR. MERY: I agree with you that noninvasive
methods are useful indicators of the type of renal
disease, but they are not as accurate as histologic
study. At Hôpital Tenon, where renal biopsies have
a very low incidence of complication, the risk is
minimal and a more precise diagnosis does have
implications for treatment.
DR. KASSIRER: I am not arguing against carrying
out biopsies as part of a study designed to learn how
to improve our treatment of future patients who
have a certain kind of renal disease, that is, as long
as the study patients are not exposed to undue
risks. What I am interested in knowing is whether
you would routinely recommend biopsy for a pa-
tient with acute renal failure when the patient is not
enrolled in a well designed study.
DR. BEAUFILS: Yes, certainly, provided clinical
data suggest that the lesion is not acute tubular
necrosis. Let us return again to the problem we are
considering today. Would you suggest that in a
patient with sepsis and acute renal failure the treat-
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ment will be exactly the same, regardless of wheth-
er the lesion is acute tubular necrosis or crescentic
glomerulonephritis?
DR. KASSIRER: What treatment would you em-
ploy if you were certain the patient had crescentic
glomerulonephritis?
DR. BEAUFILS: I would use heparin or plasma-
phoresis.
DR. KASSIRER: What evidence shows that hep-
arm or plasmaphoresis reverses the disease better
than only treating the infection?
DR. BEAUFILS: It is obvious that we are going to
treat the infection. But if no one uses plasmaphore-
sis, if no one uses heparin, or if these therapies are
used when one doesn't know what one is treating,
who will be able to give any evidence of anything?
DR. KASSIRER: I agree that we need to learn
about the efficacy of new modalities of treatment,
but this doesn't answer the question of how best to
handle the patient who is not in a study group.
DR. MERY: I agree with Dr. Kassirer that the
value of noninvasive data such as examination of
the urinary sediment has been underestimated. I am
sure that we could predict the right diagnosis in
many cases and could thus reduce the number of
renal biopsies.
DR. BEAUFILS: At Hôpital Tenon, the risk of
biopsy is 1% hemorrhagic complications requiring
nephrectomy. In my opinion, this risk is reasonable
compared to the general risk experienced by pa-
tients who have both severe sepsis and acute renal
failure.
Reprint requests to Dr. M. Beaufils, Service de Néphrologie,
Hopital Tenon, 4, Rue de Ia Chine, 75070 Paris, Cedex 20,
France.
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